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E!Mk.u.Qmd

In October 1993, Los Munos Tecfinical office performed an initial ~nalys]s of radioljtically-
gmerated hydrogen and conchidcd that, while h~xlr~gcn gas was being generated in aqueous
actinide solutions, it was not a safety concern jf -S remained vented. Subsr4ucntly, DOE
requested the contractor to vcxify vent llIles were open. This led to initiath~ of an Unreviewed
Safety Question Dctennination (USQD) for 13uild!ng371 arid Building771, where tAe majority of
aqueous actinide solutions are stored. Engin~ri[lg calculations predicted a number of tanks in both
buildings which could coil~t explosive levels of hydrogen. Further calculations for hydrogen
generadrtg tanks redicted that even ventd tan.kficould generate significant explosive mixtures of

7H2 and 02. This cd to a sa.mpJing proqa.m in Building 77 I tcJobtain data from the highest
predictd hydrogen generating pctenti~ t@&s ~ order ~0ob~ tic]d data for comparison to the
analytical results.

Concurrently, Nuclear Safety determined that the H2 rep-rxmnted a discovery Unreviewed Safety
Question (USQJ a-san accident of a n;w ~pe, ar,d Sn occj~nc~ report was tiled. The USQ did
not identify an increased risk to the public. 5:!iIdirigs 771 and 371 took action to limit pcrsoMcl
access in areas with H2 generating ta&s as wcfl as eli~nating ignition sm.rces and unnecessary
activities as a worker safety compensatory measure.

Rea uircmeti

A formalized Hydrogen Safety Control pi~ ha been established by Engineering Integration based
on the following rcquifementi

,.

Hydrogen Ievels must be rnain~ed at or below 25% of the Lower Flammability Limit
W) in air ( 1% hydrogen by volume) as defined by the National Fire Protution
Association (WA): National Fire Codm Standard 69, Explosion Prevention Systems,
Chapter 3: Combustible Concentration Reduction, Section 3-3.1, 1992 edition.

The plan was issued on Februaxy 6, 1996.

In addition to the IWPA limit, En@ccring Integration calculations include a TNT gram equivalent
explosion ~otentisd for tiks. This value a~oun~ for the void space.volume and is used to assist
in priori [izlng tanks which contain hydrogen levels above 170 by volume.

A team of englnecrlng and o erations personnel will visit tbe National Space Technical Laboratory
in Gulfport, Mississippi in $’ebm~, 1996 to review the hydrogen safety recautions em loyed by

! 8the space program. Any lessons learned will be incorporated into the Hy rogcn Control afcty
Plm 10 further reduce worker safety risks.

~uiidinp 774 Status

Building 771 was initially targeted for the sampling and elimination of hydrogen due to the
relatively high concen~ations of actinidc solutions present in this facility. Operational controls
including limiting access, prohibition of welding and grinding, and elimination of ignition sources,
were established throughout the facility. Tlxxe controls were instituted via Techniczd Operations

—

Order. The void spaces of ten of the most susceptible tanks (i.e., those with the highest predicted
levels of H2 fIammabili[y potential) were s~p]ed to establish levels of hydrogen, Five of the
[a!,ks co~~tail~cxino hydrogen and were subscqueutly vc.rificd to ‘OCo.perat:onrlly .~rnpry, Thr flther
five tanks had concentration lCVCISsimilar to those predicted by engineering caiculatio]?. Using an
apparatus desi ned for void space samp]ing and purging, ~cse five tanks were purged with argon

tand re-sample to determine both ‘he effectiven~s of the purge prOCCSSand to establish generation

.



riitcs aIIctcqu!llbrlum accumulation values. The highest concentration tank cxhlb)ted a generation
rate Illgh enough [o reach rhe Lower Flammability Limit (LFL) fcirIiz in a matter of hours
following an argon purge. The five tanks were placed on a continuous air purge such that
hydrogen levels were majn(aincd bc:ow the LFL. Two tanks arc currcnt!y slightly above the 17.
limit. An cnglnecring design modification to the samp]w’purge apparatus is underway to allow
increased aifio~ to further reduce the hydrogen to below the NFPA limit. ‘l%is will lx discussed
as a spcc)flc [ask in this p]an. C]early, the resu[ts from the Building ‘7’71hytiogcn sam,p]ing pi]ot
program confirmed analytical predictions ~a[ radio]ysis can causs significant I-i2amumulatlon
even in vented tanks unl~s suscep(ib]e tanks are pcriodicai]y purged and ultimately drained.

AS discussed above ten tan!cs in ~ui]ding 77 I ~,vifi thr. tighcst potential to accumulate 1-12have
been samplccl and purged to reduce H2, In a]l but three of these (whose coilcentration is currently
about 27J 1-12)the levels ha.vc been rcd~c~d bslr,w ~LI.WA ]irnit. Sixty ~ix additional tanks arc
predicted to contain H2 in excess of 1% by vo]umc, although several of these are known to be
operationally empty and may contain no H2, l~c tasks prescribed below for Bu!lding 771 target
these remaining .six[y six [arlks by Sampiing, purgi!~g as (cquircd, and dev~loping a long term
hydrogen maintenance plan for each tank.

Du ildinz 371 Statq~

Analytical prcdic:ions for hy&ogen levels in Building 371 tn~ have been conducted using the
model and empirical data derived from Bufld;ng 771, Nc actinide tank void space sa.mp~ing has
been perfonncd in Building 371 to date. Bllilding771 tank were the initial focus of the
sample/purge efforts since actinide c~nccntratlons in Building ‘/’/1 are significantly higher than in
Building 371 (maximum concentration ;~ Building 3?1 is 9 gfl Pu). Furthec, Building 371 tanks
are more difficu]t [O samp]~purge a5 he rooms containing susccptib]e tanks rquirc c~tcnsive
personnc] protective equlpmcn[ for entry because of surface and airborne radiological
contamination.

Building 371 contains 8 [aIlks which, by c~cula[lon are predicted to generate lCVC]Sof hydrogen
above the NFPA limit. Faci]ity malla$clnent has instituted similar opcration~ controls for worker
safety ,U described for ~ul]dlng 7’71, l~cluding lim;ting access, prohibition of wc!din~, a~Id
climin:~tion of iglli[ion source5 in the Vlclnlty of susceptible tanks, Most of the tanks in Building
371 arc ~~cccssiblconly with supplled brmthing tir protection which has complicated s;mlpling
efforts, However, a simi]~ approach to that used in BLli]ding 771 \vi]] be undert~kcn in Bujlding
371. Each tank WI]]bc sampled, purged if required, and a hydrogen nlainlellancc rcgitncn will bc
cstabltshcd for each tank. As in Buildrng ‘7’71,the hydrogen main[enancc re~mcn for each tank
wil] bc based ou Salnp)c and purge data, radio]ytic generation rates, and will be coordinated with
tank draining activities.

Ana[yQcal Results

—



A pee.] review of the anllyticzri model and rela[ed work is being mnductcd by Dr. Harold Schw.a.rz
of the Brookhavcn NationaI Laboratory. Hc will review the engineering calculations for !cchnical
accuracy with specia]’emphmis on tic validity of the methodologies used for determination of
radio lytic gas generation rates in the vesse]s as a function of time. He will also provide literature
available to him which is appropriate to our ongoing study of radio]y?jc flammable gas generation
in organic tanks and pipes. A formal report will bc delivered by “Dr.Schwa~z and suggested
changes in the computational modcIs will be inco~orat~ if !hcy arcjudgea necessary and
appropriate for accuracy of model predictions,

M dr enY vg Accumulation USQD

On May 16, 1995, USQD-RFP-0387-CAS was transmitted to the Department of Energy, Rocky
Flats Field Office (DOE, RFFO) summarizing the risk msociatd with hydrogen generation in
actinide solution tanks. The conclusion of the usQ~ W= fiat tie poIecItiaJhydrogen buiicl-up in
actinide solution tanks is a discove~ JSSUCthat rep~sen~ ~ accident of a differe.n[ type ~d
consequently an Unreviewed Safety Question (USQ), No increased risk to the public w=
identified. In Building 771, nuclear safety calculations for the Maximum Offsite Individual (MOI)
dOSewere based on the explosive otential in tanks which were assumed to be passively vented to

fprevent pressure build-up. In Bui ding 371, the nuclew safety calculations for the MCII dose were
perfonncd assuming non-vented tanks. Building 371 tanks were assumed to be non-vented due to
the inaccessibility to rooms to conduct vent v~ve position verification. While it is believed that the
susceptible tati are in fact p~sively vented tie more conse~ative case was assumed until actual
vent va]ve position status is in&pcn&ntJy vcrifid. The vent VdVC positions will be verified
during the Building 371 H2 mitigation activities.

The strategy used to rnanagc the generation and accumulation of hydrogen in actinjdc solution
tanks is to identify [anks which pose a hydrogen accr.rmulation hazard, ~tablish stric[ uork
controls, samp]e the susceptible tafis, purge if reqtlired, and hen es(abljsh a hydrogen
maintenance regimen until the tanks can be drained. This approach is outlined in the following
tasks for Building 371 and Buil~ng 771. NO other buildings have &cn identified with aqueous
actinide solutions in tanks or pipes.

Tl~c priority in which tanks arc sampled and purged wi~ be based on tirec criteria: predicted
hydrogen level, calculated TNT equiv~cn[ va]uet and accessibility of the tank. C]cady the
strategy is aimed at purging hydrogen fron~ the tanks with the highcs[ hydrogen i~ndTNT gram
equivalent lCVe]Sfirs[, However, in rooms which contain high airbomc and surface conti. uninalion
levels which require extensive personnel protective equipmen~, it maybe a propriate to purge all

:susceptible tanks in that room in one effort in crder to minimize worker ra iation exposure. Other
operational considerations may dictate tie order in which tanks we purged such as concurrent risk
reduction actjvitles (] c., tank draining) which may result in purging a sornewhal lower risk tank to
reduce the risk prior to draining.

TWOadditional areas of concern will bc addressed in this plan after the Building 77 I and J3uilc!ing
371 tnnk~ listed :It~ovc htlvc been mi~igatcd. The fi~t inc]lldes the idc~:~fica(ion :IIIddisposition of
piping ,systems which may have tile potc~l[ial to gcncratc hyd[OgCI1. I~i[ia] steps hl)vc IXCIItaken ro
]dcn[ify suspect piplr, g sys(cn]s in Buildings 771 and 3?1. .s[eps will be listed i]] (Ilis plan 10
l’(-)![~)tlllyidcl~lify SII\pCCtpipes, illc]lldc t]lc pipes In ilpl)loprla[c Cllgillccrillg c~ilcll]il[iot)>,il[l(.1[IICI)
it])p[”opriil[cwork p;\ckagcs wit] be developed :0 saIIlp]e :.nd purge (if required). “I”IIc second :IICO
otcm IccIII incllldcs [ITCirlcll[if’ica[ioll and disposition of tanks ~d ~lpes collt~linl)lg $pell[ org;mtc,
S~lVCIItS whlc]l nl:~y IIJVCI]IC po[cn[la] to ridiolv[ically dccomposc il[ldgcncru[c i~yrirogcn,
Ellgillccrtllg calcul;]tioils ilavc bCCIIillitia(ed (O~nodel generation in [l~esctyps of st>lu[it>lls. OIICC
idcntjficd, SiIIIIp]III:, ptlrgln,g i~nd~ h} ~ro~cn nlaintcll;~ncc rcgi~ncn \vi]j be Cs:;)l>]isllc[l I’(Jr-org;~nic
[:IIIk S iIIId pi”pcs, ils :)pproprlatc, WIICrC hydrogen \CVC]SCXCCCdNFPA limits.

.



BUILDING 771 ACTINIDIJ SOLUTION TANKS

I

7q-’- Subjcct Task Manager Milestone Due Date

T

Cotn~cte Baseline Change Proposal (BCP) to J. Garmatz Complete
establish funding for this effort

2 Develop a tank rlatabasc to facilitate F. ;. Gibbs March 1, 1996
management of tank status using the followin~
informatiori:

Predicted132levels
Aciinide.concmtdons
Void sp+x sam~le iC$UltS(HJ
Sampling/purging status
STATU5 !nciuding fWCPperformance,
walkdowns, sampling results, etc.

This database wiU be used to prioritize (based
on criteria discused) and status the progress
of sampling and purging activities.

3 Of the remaining 66 tanks in Building 771 s. M, sax “--Tank 1 start April 8, 1996
with predicted H2 concenmations in excess of 5 tanks April 25, 1996
1% by voIume (calculation 95-SAE-030), 10 tarb May 6, 1996

sample 10 of these tanks for H2. The 10 tanks
selected will be prioritized based on predicted
H2 levels, TNT gram equivalent, and
accessibility with a clear preference for
mitigating the highest risks first.

— .. .
4 Purge tanks shown to contain> 1% H2 by

..--— — .— -..— —
S, M. Sax Tank 1 start April 10, 1996

volume and wsample as necessary. 5 tanks April 29, 1996
10tanksMay 13, 1996

5 Sample 28 additional tanks identified S. M. Sax September 30, 1996
in engineering Calculation 95-SAB-
030.

6 Establish H2 maintenance plan for each tank. S. M. Sax Task start June 1, 1996
This may include a 1-time purge, periodic Task complete September
purging, or continuous purge based on 30, 1996
sampling and analytical modeling.

7

.-. -.—
7 Establish performance measure and schedule

—.—.
G. Tasset April 1, 1996

for sampling and purging remaining tanks.

8
-——

Sample remaining tanks identified in

,1

S. M, Sax October 30, 1996
Engineering calculation 95-SAE-030

9 Purge tanks shown to contain >1 % H2 by S. M. sax ‘ November 15, 1996
volume and rc-sample as nccessaly,

1!) ~tahlish H2 :nfiirtenance regimen for each S.M. Sax D3cember 5, 1996
tank, This may include a l-time purge,
periodic purging, or continuous purge based
on sampling and anitlytical modeling.

—.

—

.
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BUILDING 371 ACTINIDE SOLUTION TANKS

Task~ Subject Task M&stone Due Date
Manager

1
~y

----. ,..—, —. -----
Com lete Baseline Change P~oposal (BCP) to J. Garrnatz

-.—
Complete

estab ish finding for this effort
—

2 I Develop a tank database to faei.litate F. E. Gibbs March 1, 1996
management of tank status using the
following information:

Predicted H2 levels

Actinidc concentx-atiom
Void space sample results (HJ

STATUS including IWCP pesfonnance,
walkdowns, sarnplhg results, etc.

This database WI1lbe used ta prioritize (lnscd
on criteria discussed) and status the progress
of sampling and purging activities.

T

3 Sample 8 tanks identified in Erlgincering w. Tank 1: April 1, 1996
Calculation 95-SAE-03CI as containing J Stephens 50% tanks: May 15, 1996
hydrogen levels above NFPA limit. Note: 100% tanks: June 30, 1996
To provide flexibility, swnpling maybe
conducted subsequent to purging and/or
sparging depending on previous sample
results, tank systcm configuration,
radiological considcraticrs, etc.

r-~’ [3;;:: :%:E$5:7;;6

Purge tanks shown to contain> 1YO1{2by
volume and re-sample as nc~css.ary.

—-
5 i Establish 1-12maintenance plan for each tank. w. Task start June 1, 199’6

This may include a 1-time purge, periodic Stephens Task complete July 15, 1996
purging, or continuous purge based on
sampling and analytical modeling.

—



ACTINIDE PIPING WITH THE POTENTIAL FOR HYDROGEN ACCUMULATION

Task Subject

~-

Task Manager – Miles(one Due Date.-

7

1
-- -

Promulgate a list of piping runs in Building
.—

R. Colwell February 22, 1996
371 and 771 with a high potential for

accumulating hydrogen in excess of the NF.PA
limit.

2 “Walkdown high potential piping runs to
, determine isolation bound~m ~d vent~ ‘“--”~&?ll)2A. Eden (771)

~

status. W’alkdown 2 known high K. SCitififl (371)
potential piping runs in Building 371.

3 For high potential piping runs which arc
dctcrmincd to be isolated (i.e., not vented)

promulgate a venting method.

r

‘“-$’;77’)..—
4 Sample a minimum of three high potential

n

—.
S. Sax (771) TBD @—771)?

piping rum for hydrogen between Building W. Stephens TBD (B371)~
371 and 771 to better characteri~ the extent of (37 1)

the problem,

‘F “-–
Based on sample results, develop a Plan of I F. Gibbs TBD”@771)3
Action to rru~gate hydrogen in piping runs. TBD (B371)~

6 Establish performance measure for mitigation G. Tasset (B77 1)3
of hydrogen in actinids piping. TBD (B37 1)2

— — - ..—

Note 1: Funding for initial characterization of piping systems will bc covered by the scope of sampling and
purging for tank systems. Initial estimates for &e BCp were for tanks only, but these COS[
estimates were consc~ative and r~ent data suggests that some tankswiiI not have to be sampled
because they may be empty. AS a result, funding is expected to be available from this work
package. If, after initial characterization it is detc~,ined that additional funding is required, an
additional 13CP will be prepared and submitted for approval.

Note 2: Additional dates will be dcte~ined following recei t of task 1 information forB371. The plan
will be updated by April 30 to refiect these ~ ates. Piping runs in Building 371
are located in areas with limited access. In addition, reliable information
regarding pipe contents is unavailable. No reliable estimates of pipe runs of
concern can be provided.

Note 3: This da[e will be determined folIowing receipt of task 3 information for B771, The plan will be
updated by April 15 to reflect this information. Preliminary data indicates five
piping runs in Building 771 are of concern.



SPENT ORGANIC TANKS WITH THE pOTENT~L FOR HYDROGEp/ ACCUMULATION

~ask
——_____

Subject T

———
Task Manager Milestone Due Date

[ Promulgate a list of spent organic solvent R. Colwell March 4, 1996
tanks in plutonium buildings with a high
potential for accumulating hydrogen in excess
of the NT_PAlimit.

..— — . ——— . —— L
2 Corn lctc Baseline Change Proposal @CP) to J. Garrnatz “-

%
‘tiarch 15, 1996

es!ab ish fl~nciingfor t!-iiscffofi (if w@@

3 Establish performance measure for mitigation G. ‘l’asset March 15, 1996
of hydrogen in spent organic tanks.

4 Walkdown high potential organic solvent A. HoMlelti (707) Commence NLT
tanks to determine isolation boundaries and W. Franz (776~77) March 15, 1996 for
vented status. Disposition spent organic tanks S. Miller (779) Buildings 707.559.
for each building which contains suspect D. Hutuer (559) 776/’777, 77!W
tanks. S. Sax (771)

K. Scrafin (371) B371, B771 TBD2

5
.-.

For high potential organic solvent tanks which T13D
are determined to be isolated (i.e., not vented) (T:? 4
promulgate a venting method. completion + 45

—_
days)

6 Sample a minimum of three high potential TBD
organic tanks for hydrogen to better (T:: 4
characterize the extent of the problem. completion + 30

days)
—-———— —

7 Based on sample results, deveIop a Plan of TBD
.— - — .- —...——.—

TBD
Action to mitigate hydrogen in organic (sample
tanks. completion + 30

days)
.

Not= 1; Task managers and completion dates will be dcter~ed bas~ on info~ation from Tasks 1,2, and
2
J.

A’otc 2: Disposition/walkdowns of spent organic tanks in buildings other ~~ 271 and 771 will commence
no later than March 15, 1996. The Initial focus in Buildings 371 and 771 will concentrate on
mitigating H2 in aqueous actinidc solution tanks after which spent organics will be addressed. A
date for commencement will be provided by June 15, 1996.



ENGINEERING CALCULATION PEER REVIEW

— —-

* “:z ‘2ZFConduct peer review of engineering
calculations and issue formal report of

—.
2 Incorporate Dr. Schwarz’s R Co]wcll April 19, 1996

recommendations (as appropriate) into
engineering calculation.

—. ——-—_. —

.


